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Tuesday, February 18, 2014 517aprotein-domain interactions is essential to understand cell functionality, and yet
today we cannot distinguish between the thousands of possible lipid domains,
nor is there a method to determine with which domains a protein associates
with.
In this research I have developed a new methodology which determines in vitro
the lipid composition a protein has a high affinity to. The method utilizes a lipo-
some library composed of more than 250 liposomes, each made of a different
lipid composition. The library has the largest and most diverse composition of
lipid liposomes ever made. The affinity of proteins to each liposome is studied
by advanced microfluidics and image processing, developed at Harvard. http://
youtu.be/f7OvnE0g-Uo Using this method we characterize the binding speci-
ficity of toxins, peptides, trans-membrane domains and viral proteins to lipid
domains.
This work is supported by:
Human Frontiers Science Program Fellowship Yad-Hanadiv Rothschild
Fellowship.
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The C2 domains of the Doc2b protein are known to play a crucial role in regu-
lating exocytosis through the coupling of calcium signals to secretory events.
The exact mechanism, however, remains debated: Doc2b either inhibits
SNARE-mediated membrane fusion at low calcium concentrations or it directly
enhances membrane remodelling events at elevated calcium concentrations.
Using a novel combination of optical trapping and fluorescence microscopy, we
have addressed this issue by monitoring membrane-membrane interactions be-
tween two optically trapped micrometer-sized lipid-coated polystyrene beads.
We initially brought the beads in close proximity to allow any protein-lipid
and lipid-lipid interactions to take place and then retracted one bead while
continuously measuring the force of the interaction between the two beads.
The lipid coating on the beads was fluorescently labelled, enabling simulta-
neous imaging of lipid remodelling and measurement of forces associated
with this process.
The results show that in the presence of Doc2b, phosphatidylserine and cal-
cium, a micrometers-long membrane stalk forms between the two individual
membranes which is stable on a timescale of multiple minutes. Lipid mixing
was observed, thus providing unambiguous evidence for an active role of
Doc2b in membrane remodelling. The interaction forces between the two
lipid-coated beads displayed a broad range up to 150 pN when a membrane
stalk was formed.
We conclude that Doc2b contributes to SNARE-dependent exocytosis by
enhancing the probability of membrane stalk formation during local calcium el-
evations. In the near future, we aim to use a fluorescently labelled variant of
Doc2b to determine the number of proteins bound needed to mediate the inter-
action and the position of the Doc2b protein with respect to the membrane stalk.
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Cytochrome c is a well-researched bio-molecule, however, over the past
decade, research on cytochrome c has shifted, driven by the necessity to under-
stand this protein’s role in triggering apoptosis. Very recent works by the Ka-
gan group and others have shown that the protein is primed for this function by
gaining peroxidase activity while still bound to the inner membrane surface of
mitochrondra. Liposomes with anionic phospholipids have been used as model
system for the inner mitochondrial membrane to which cytochrome c binds in
vivo. In order to check whether cytochrome c - liposome interactions cause any
irreversible structural changes to the protein, we subjected different protein-
liposome mixtures to ultracentrifugation and measured the fluorescence and
CD spectra of the proteins in the respective supernatants as well as of the cor-
responding protein-lipid complexes, in the absence and presence of 100 mM
NaCl. Our data indicate that cyt c remains in a non-native conformational state
after dissociation from liposome binding sites. Upon the addition of salt, how-
ever, the protein switches back to its native conformation. We propose that the
liposome bound state of the protein contains a substantial fraction of what Plet-
neva and coworkers describe as an extended conformation of cytochrome c. Af-
ter dissociating from the liposome but due to the positively charged surface of
the protein, the repulsive forces between positive charges particularly in the N-
and C-helix keep cyt c in this extended, partially unfolded state. The addition ofNaCl neutralizes these charges, thus allowing the protein to return to its native
state. Our data suggest that without the presence of NaCl in the inner membrane
space of mitochondria cytochrome c would stay in a frustrated, misfolded state.
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riDOM (retro-inverso-dioleoyl-melittin) is a cell penetrating peptide with
excellent transporter properties for DNA. It is a chimeric molecule where ri-
melittin is fused to dioleoylphosphoethanolamine. The physical-chemical prop-
erties of riDOM in solution and in the presence of DNA, heparan sulfate and
lipid membranes were investigated with spectroscopic and thermodynamic
methods. riDOM in solution forms nanoparticles with a diameter of ~13 nm,
composed of about 220 - 270 molecules. riDOM binds tightly to DNA with a
microscopic binding constant of 5 107 M1 and a stoichiometry of 12 riDOM
per 10 DNA base pairs. In the complex the DNA double strand is completely
shielded by the more hydrophobic riDOM molecules. Sulfated glycosamino-
glycans such as heparan sulfate are also linear molecules with a negative
charge. riDOM binding to heparan sulfate on cell surfaces can therefore inter-
fere with DNA-riDOM binding.. riDOM nanoparticles bind efficiently to
neutral and charged phospholipid bilayers. When dissolved in the membrane
riDOM nanoparticles dissociate and form transient pores. The binding of
cationic riDOM nanoparticles to negatively charged membranes consists of
an initial electrostatic attraction to the membrane surface followed by a hydro-
phobic partitioning into the bilayer interior. z-potential titrations yield an effec-
tive riDOM charge of zriDOM=2 . The Gibbs free energy of binding is 8.0 to
10.0 kcal/mol which corresponds to the partition energy of a single fatty
acid. Half of the hydrophobic surface of the lipid moiety with its 2 oleic acyl
chains is therefore involved in a tight lipid-peptide interaction. This packing
arrangement guarantees a good solubility of riDOM both in the aqueous and
in the membrane phase. The binding enthalpy is small with DH0riDOM ~ 6.0
to 1.0 kcal/mol and riDOM binding is hence entropy-driven.
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Kindlins are a family of proteins which act in synergy with talin to stimulate the
inside-out activation pathway of integrin receptors. Integrins are cell surface re-
ceptors that play a key role in various signal transduction pathways and are
involved in many diseases such as thrombosis, inflammation and cancer. There
is sequence similarity between the kindlin and the talin head domain but the
kindlins have an additional pleckstrin homology (PH) domain. This PH domain
is believed to be important for localization of kindlins to the cell membrane and
for integrin activation, although the details of its membrane interactions (e.g.
with PIP2 lipids) remain unknown. In this study, we use the known NMR
and crystal structures of the PH domains of the three kindlin isoforms to
examine their association with different lipid bilayers containing zwitterionic
lipids and phosphatidyl inositol phosphates at both atomistic and coarse-
grained resolution using a multiscale simulation approach. Our results suggest
a novel model for the kindlin PH/lipid encounter and subsequent interactions.
In particular, all the PH isoforms associate with the PIP2 lipids in the membrane
via a highly positively charged loop and mutations of positive residues in this
loop perturb the orientation of the PH domains relative to the lipid bilayer. We
also demonstrate that reduction of the PIP2 concentration in the lipid bilayer re-
duces the association of the PH domains with the membrane. Clustering of PIP2
lipids in the bilayer leaflet adjacent to the protein is seen when the kindlin PH
domains interact with charged lipid headgroups.
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Recent experimental studies demonstrate that membrane composition is altered
in certain human disorders. Modifying membrane composition (e.g. varying the
518a Tuesday, February 18, 2014concentration of cholesterol or certain phospholipid species) could in turn
affect the behaviour of transmembrane proteins such as G protein-coupled re-
ceptors (GPCRs). To study the impact that an altered membrane structure has
on GPCR aggregation, we performed long-timescale molecular dynamics sim-
ulations of GPCR oligomers, a complex thought to be involved in different dis-
eases (e.g. central nervous system disorders). Interestingly, our simulations
show that the aggregation of GPCRs is highly dependent on structural changes
at the membrane level. To corroborate this effect, we have subsequently carried
out bioluminescence resonance energy transfer (BRET) experiments in cells.
Preliminary BRET results show that GPCR aggregation is significantly affected
by the composition of cell membranes. Whereas the alteration of certain mem-
brane properties (such as membrane thickness) have already been proposed to
affect the activity of transmembrane proteins [1], here we report, for the first
time, the key role of specific membrane components in the modulation of
GPCR aggregation.
Reference
[1] Dacosta et. al A distinct mechanism
for activating uncoupled nicotinic acetyl-
choline receptors. Nature chemical
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Approximately 50,000-190,000 adults and 24,000 newborn per year in the U.S.
develop Acute- and Neonatal-Respiratory Distress Syndrome (ARDS&NRDS),
respectively. For more than a couple of decades, many researchers have been
tackling the problem of how to investigate lung surfactant behavior, especially
of the relationships between the lipids and the natural lung surfactant proteins,
by using techniques such as the Langmuir-Trough or Pulsating Bubble Surfac-
tometer (PBS). Currently, we are developing a new method of the micropipette
manipulation technique for lung surfactant surface tension measurement. The
technique builds on previous studies that used a simple tapered micropipet to
measure liquid-gas and liquid-liquid interfacial tension [1-2]. Working with
micropipettes that contain the aqueous phase but viewed in air allows us to
measure interfacial tensions at controlled pressures and interfacial radii when
lung surfactant material is introduced, as in delivery of liquids to the lung
alveoli. The new measurements of calf lung surfactant, Infasurf, at the
aqueous-air interface showed how the interfacial tension g at 37 degree Celsius
was rapidly reduced from 70.3 to 21.15 0.1 mN/m. One of the advantages of
this technique is that by using a second delivery pipette it can be used to
observe kinetic processes like adsorption, condensation and desorption of
interfacial materials. In order to provide a reversed cone shape for the delivery
measurements, we modified the pipette shape to be "trumpet-shaped". We will
present more details at the meeting regarding lung surfactants and synthetic
systems that have been studied.
References
[1–2] Lee, S., D. H. Kim, and D. Needham, Langmuir, 2001. 17: 5537 & 5544.
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Human factor Xa (FXa), and its cofactor (FVa), play a key role in blood coag-
ulation by activating prothrombin to thrombin. Phosphatidylserine (PS),
exposed on activated platelet membranes, allosterically promotes prothrombin
activation by FXa. To gain insight into the structural basis of this allosteric
regulation, we used fluorescence resonance energy transfer (FRET) to monitor
changes in FXa length in response 1] to soluble PS (dicaproyl-phospahtidylser-
ine; C6PS), 2] to PS membranes, and 3] to FVa in the presence of C6PS and
membranes. We incorporated a FRET pair with donor (fluorescein) at the active
site and acceptor (Alexa fluor 555) near but not in the membrane. Results
demonstrate that FXa structure changes in response to binding of C6PS to
two sites, a regulatory site (R) at the N-terminus (previously identified as
involving the Gla and EGFn domains) and a presumptive protein-recognitionsite in the catalytic domain (P). Binding of C6PS to the regulatory site increased
the inter-probe distance by ~ 3 A˚, while saturation of both sites further
increased the distance by ~ 10 A˚. FXa binding to a membrane produced a
smaller length increase (~1.6 A˚), indicating that FXa has somewhat different
structures on a membrane and when bound to C6PS in solution. However,
when both FVa2 and either C6PS or PS-containing membranes bound to
FXa, the overall changes in length were comparable (~ 5.8 A˚), indicating
that C6PS and PS-containing membranes in conjunction with FVa2 have com-
parable regulatory effects on FXa. We conclude that reported functional regu-
lation of FXa by C6PS or membranes in conjunction with FVa2 correlates with
structural regulation demonstrated here. Results further demonstrate the poten-
tial usefulness of FRET in analyzing structure-function relationships in FXa
and in the FXa.FVa2 complex. Supported by NIH grants HL72827 to BRL
and HL43106 to WHK.
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Evidence of preferential interactions between sphingolipids and cholesterol,
and the identification of cholesterol binding pockets in some membrane pro-
teins highlights the importance of lipids in the regulation of membrane protein
function. However, the mechanism through which these lipid-protein interac-
tions modify the conformation and activity of membrane proteins is not yet un-
derstood. In vitro, cholesterol is known to affect micelle physical properties and
has been found to interact directly with some membrane proteins. Previous
studies of a G protein-coupled receptor (GPCR), human adenosine A2A recep-
tor (hA2AR), purified using the detergent dodecylmaltoside (DDM) showed that
the presence of a cholesterol analog was critical for ligand binding and the
structural stability of the receptor. Here, we present biophysical characteriza-
tion and ligand binding studies of the hA2AR purified using a short chain lipid
(1,2-dihexanoyl-sn-glycero-3-phosphocholine, DHPC), which indicate that
cholesterol is not needed to maintain the functionality and stability of the
hA2AR in this lipid system. Differences in stability and ligand binding affinity
are observed when the receptor is purified using these detergent and lipid sys-
tems, emphasizing the importance of the solubilization environment on recep-
tor functionality. We will highlight the use of fluorescence polarization in
characterizing this stability, for example, following protein storage or lipid
addition.
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How does a cell decide it’s front or back? According to studies of chemotaxis in
Dictyostelium discoideum, an important factor is the mutually exclusive local-
ization of PIP3 and PIP2, which are interconvertible phosphostates of the
phosphatidylinositol membrane lipid. PTEN, an enzyme that catalyzes dephos-
phorylation of PIP3 to PIP2, plays an important role in regulating dynamic
self-organizing distributions of PIP2 and PIP3. In a previous study, we demon-
strated self-organizing patterns by analyzing bulk PIP3 and PTEN fluorescence
distributions at the membrane. In addition, we measured the single-molecule
level membrane association kinetics of PTEN. In order to understand the
self-organization mechanism at the level of individual molecules, it is neces-
sary to couple these results.
To achieve this, we set up a new measurement method, dual fluorescence detec-
tion TIRFM (Total Internal Reflection FluorescenceMicroscopy) that allows us
to measure single-molecule kinetics and multi-molecule localization simulta-
neously. This method enable us to examine correlations between single-
molecule PTEN kinetics and the local bulk density, or fluctuations in density,
to elucidate the role of PTEN in self-organization. We find that PTEN kinetics,
in particular the membrane binding on-rate and off-rate vary as a function of
bulk PTEN localization and fluctuation patterns. This indicates that some
mechanism promotes or restrains PTEN binding to the membrane. To identify
the molecular causes of local changes in PTEN kinetics, we are now performing
this analysis with other molecules involved in this self-organizing molecular
network.
